Free-living amoebae of the genus Acanthamoeba are the causative agents of severe sightthreatening infection of the cornea. This study was designed to characterize the genotype of 20 Acanthamoeba spp. isolates obtained from corneal scrapings of 183 suspected Acanthamoeba keratitis patients reporting to the Outpatient Department/Casualty Services of Dr R. P. Centre for Ophthalmic Sciences, All India Institute of Medical Sciences, New Delhi, India during the period 2011-2015. Corneal scrapings were inoculated onto 2 % non-nutrient agar plates overlaid with Escherichia coli and incubated at 30 8C for 15 days. Amongst 183 suspected Acanthamoeba keratitis patients, 29 were found culture-positive for Acanthamoeba spp. out of which 20 samples were established in axenic culture for molecular analysis. DNA was isolated and PCR assay was performed for the amplification of the diagnostic fragment 3 (DF3) (,280 bp) region of the 18S rRNA gene from axenic culture of 20 Acanthamoeba spp. isolates. Rns genotyping was performed on the basis of variation in nucleotide sequences of the DF3 region of the 18S rRNA gene. In the phylogenetic analysis, 16 of the 20 isolates were found to be of prevalent genotype T4, two were of genotype T10 and the remaining two isolates were of unassigned genotypes. Hence, it was concluded that genotype T4 was found as the most predominant genotype involved in Acanthamoeba keratitis infections. Genotype T10, which had not been reported from India, was detected for the first time in two patients. Two isolates were found to be unique, which shared ,95 % homology with all the known genotypes (T1-T20) of Acanthamoeba spp.
INTRODUCTION
Acanthamoeba keratitis is an acute, sight-threatening infection of the cornea which if untreated can lead to permanent blindness (Khan, 2009) . Previously, Acanthamoeba keratitis was considered to be a rare entity. In recent years the prevalence of Acanthamoeba keratitis has increased rapidly in developed countries in contact lens wearers (Dart et al., 2009; Patel & Hammersmith, 2008) . In developing countries like India, Acanthamoeba infections are widely reported in non-contact lens wearers rather than contact lens wearers, with a history of ocular trauma, exposure to falling dust particles, use of contaminated water or bad hygienic practices (Bharathi et al., 2007; Lalitha et al., 2012; Pasricha et al., 2003) . Sporadic cases of Acanthamoeba keratitis have been reported from different parts of India (Manikandan et al., 2004; Sharma et al., 2013) .
For laboratory diagnosis, direct examination using various staining procedures, culture on 2 % non-nutrient agar medium overlaid with Escherichia coli and PCR assays are commonly used. The PCR assay has been reported to be more useful for Acanthamoeba spp. detection in corneal scrapings and can also provide information about the genotypes of the Acanthamoeba spp. involved. The PCR assay for amplification of Acanthamoeba-specific amplimer ASA.S1, a 464 bp region within the 18S rRNA gene, was found suitable for routine molecular diagnosis as well as Rns genotyping of Acanthamoeba spp. (Schroeder et al., 2001) . The ASA.S1 region includes 'stem 29', the conserved region, and 'stem 29-1', an *280 bp highly variable region designated diagnostic fragment 3 (DF3) (Booton et al., 2002; Schroeder et al., 2001; Zhao et al., 2010) . Analysis of variation in nucleotide sequences of the DF3 region provided genotype discrimination similar to the results with the ASA.S1 region for Rns genotyping of Acanthamoeba spp. (Schroeder et al., 2001; Zhao et al., 2010) . Rns genotyping has placed Acanthamoeba spp. in 20 different genotypes (T1-T20) on the basis of the gene encoding the 18S rRNA sequence (Fuerst et al., 2015) . Out of the 20 genotypes, T4 is the most common and predominant genotype involved in Acanthamoeba keratitis infections, as reported from several studies across the world (Booton et al., 2002; Schroeder et al., 2001; Zhao et al., 2010) . Sequence dissimilarity of i5 % normally exists within the nuclear 18S rRNA gene of different genotypes and 0-4.3 % dissimilarity exists within genotype T4 of Acanthamoeba spp. (Gast et al., 1996; Stothard et al., 1998) .
The purpose of the present study was to identify the genotypes of Acanthamoeba spp. isolated from 20 Acanthamoeba keratitis patients in India, so that prevailing genotypes of Acanthamoeba spp. responsible for amoebic keratitis could be determined.
METHODS
Collection of clinical specimens. All procedures performed in this study involving human participants were performed in accordance with the ethical standards of the All India Institute of Medical Sciences (AIIMS) and ethical clearance was obtained from the AIIMS.
After informed consent and thorough clinical examination, corneal scrapings were collected by the ophthalmologists from 183 clinically suspected Acanthamoeba keratitis patients reporting to the Outpatient Department/Casualty Services of Dr R. P. Centre for Ophthalmic Sciences, AIIMS, New Delhi, India during the period 2011-2015. A portion of the specimen was inoculated onto a 2 % non-nutrient agar plate overlaid with E. coli for culture and a second portion of the specimen was placed in 500 ml PBS buffer (pH 7.4) for molecular diagnosis by the PCR assay. Inoculated non-nutrient agar plates were sealed and incubated at 30 uC for 15 days. Plates were examined regularly for 7-15 days post-incubation under a light microscope (|10 and |40 objectives) (Nikon) for the appearance of growth of Acanthamoeba spp. over the agar surface. Amongst 183 suspected Acanthamoeba keratitis patients, 29 (15.84 %) cases were found culture-positive, 32 (17.48 %) cases were found PCR-positive, and 28 (15.30 %) cases were found both culture-and PCR-positive for Acanthamoeba spp. Twenty samples out of 29 culture-positive cases were further subcultured for molecular analysis by transferring a square-shaped agar surface with Acanthamoeba spp. onto new agar plates previously seeded with E. coli. Only four (2.18 %) patients had a history of improper use of contact lenses. The exact predisposing factor was undetermined in other patients.
Establishment of axenic culture for Acanthamoeba spp.
isolates. Axenic culture was established for 20 Acanthamoeba spp. isolates following the procedure described previously (Khan, 2009) . Briefly, Petri plates containing 2 % non-nutrient agar medium overlaid with live E. coli were treated under UV light under a laminar hood for 30 min to kill the live bacteria. A small piece of culture of Acanthamoeba spp. from the previously cultured plate was placed face down on the surface of the UV-treated plate and incubated at 30 uC for 7 days. Subsequently, a small piece of agar containing amoebae from the UV-treated plate was transferred to 25 cm 2 cell culture flasks (Nunc) containing 10 ml PYG growth medium (proteose peptone 0.75 %, yeast extract 0.75 % and glucose 1.5 %) (pH 7.4) with antibiotics (penicillin and streptomycin) in bactericidal concentrations and incubated at 30 uC for 5 days (Khan, 2009 ). Flasks were examined daily for 5-10 days under an inverted microscope (Nikon) until full growth of amoebae was seen in the medium. Initial culture flasks were subsequently subcultured in 25 cm 2 cell culture flasks containing PYG medium with antibiotics for at least three consecutive passages to achieve complete axenization.
PCR assay. Briefly, axenic cultures of 20 Acanthamoeba spp. isolates were centrifuged at 500 g for 10 min followed by washing the pellets with PBS buffer (pH 7.4) to remove the remaining culture medium. DNA was extracted from the pellet using a QIAamp DNA Mini kit (Qiagen) following the manufacturer's instructions and used for PCR assay. PCR amplification of DF3 (*280 bp) of the 18S rRNA gene of Acanthamoeba spp. was performed from the isolated DNA using the genus-specific forward primer 892C (59-GTCAGAGGTGAAATTC-TTGG-39) and reverse primer JDP2 (59-TCTCACAAGCTGCTAGG-GGAGTCA-39) (Booton et al., 2002) . PCR amplification was carried out in 25 ml final reaction volume containing 1|reaction buffer (Fermentas), 0.2 mM dNTPs (Fermentas), 0.40 mM each primer and 1.25 U Taq polymerase (Fermentas). The temperature profile of the PCR assay was: initial denaturation for 10 min at 94 uC, followed by 35 cycles of denaturation for 1 min at 94 uC, primer annealing for 1 min at 57 uC, strand elongation for 1 min at 72 uC, with the final elongation for 10 min at 72 uC. DNA isolated from known isolates of Acanthamoeba spp. was used as a positive control and the reaction mixture with 5 ml distilled water was used as a negative control. Amplified PCR products were electrophoresed on 1.5 % agarose gel, which was visualized under a gel documentation system (Syngene).
Sequence homology analysis and phylogenetic tree reconstruction. Amplified DNA bands for the DF3 region (*280 bp) were cut from the agarose gel and DNA was extracted using a QIAquick Gel Extraction kit (Qiagen) as per the manufacturer's instructions. Nucleotide sequences of the purified DNA were determined commercially (Biolink) using primers 892C and JDP2 (sequences described earlier). Nucleotide sequences of the DF3 region of 20 Acanthamoeba spp. from this study were subjected to homology analysis with available sequences found in GenBank using BLAST. Sequences were deposited in GenBank. DF3 nucleotide sequences of all existing genotypes of Acanthamoeba spp. were retrieved from the National Center for Biotechnology Information database (http://www.ncbi.nlm.nih.gov/pubmed). Nucleotide sequences from the present study and the homologous sequences from reference strains were analysed using MEGA6. These sequences in MEGA format were aligned (both pairwise and multiple sequence wise) using the CLUSTAL W alignment program within MEGA6 (Tamura et al., 2013) . A phylogenetic tree was reconstructed using the Kimura two-parameter distance algorithm with 1000 bootstrap replicates. Acanthamoeba spp. strain V006 (T1 genotype) was placed at the root of the tree. The tree was generated using the neighbour-joining and UPGMA (unweighted pair group method with arithmetic mean) methods. A second phylogenetic tree was reconstructed by considering the DF3 region of RPC13 and RPC14 and the DF3 region of all 20 reference genotypes (T1-T20) using the Kimura two-parameter distance algorithm with 1000 bootstrap replicates.
RESULTS
The partial nucleotide sequences of the DF3 region of Acanthamoeba spp. from 20 Acanthamoeba keratitis patients (RPC1-RPC20) aligned using CLUSTAL W and showing the highest variation are shown in Fig. 1 . The sequence homology search for these 20 Acanthamoeba spp. (RPC1-RPC20) in the National Center for Biotechnology Information database showed homology with the available strains of Acanthamoeba spp. presented in Table 1 . These 20 sequences have been deposited in GenBank (Fig. 2) .
Phylogenetic tree reconstructions with the neighbour-joining and UPGMA methods provided similar tree topology, which placed 16 (80 %) Acanthamoeba spp. in genotype T4 and two (10 %) (RPC7 and RPC8) in genotype T10, and two (10 %) (RPC13 and RPC14) were of unassigned genotype (Fig. 2) . It was found that RPC1, RPC2, RPC3, RPC4, RPC5, RPC6, RPC9 and RPC10 shared 99 % similarity with the previously identified strains AcVNAK03 and LC-2012 clone CF3-78 of genotype T4; RPC11 and RPC19 shared 99 % similarity with strain AcaL7 of genotype T4; RPC15, RPC16, RPC17 and RPC18 shared 98 % similarity with strain MN-2012 of genotype T4. RPC12 and RPC20 shared 99 % similarity with strain Ac_E4c of genotype T4; and RPC7 and RPC8 shared 98 % similarity with Acanthamoeba culbertsoni Lilly A-1 of genotype T10. None of the 20 Acanthamoeba spp. isolates was 100 % identical to any available strains in GenBank, revealing that certain polymorphisms exist within the nucleotide sequences.
In the phylogenetic tree of the 20 Acanthamoeba spp. isolates (RPC1-RPC20) and 20 known genotypes (T1-T20), both RPC13 and RPC14 emerged as independent branches, and in the cluster of T5 (Fig. 2) . This revealed that RPC13 and RPC14 isolates shared maximum homology with the T5 genotype rather than other genotypes (T1, T3, T4 and T10). Similarly, in the second phylogenetic tree of RPC13, RPC14 and 20 known genotypes (T1-T20), both RPC13 and RPC14 emerged as independent branches, and in the cluster of T7, T8, T9, T17 and T18 (Fig. 3) . This revealed RPC13 and RPC14 isolates also shared maximum homology with these genotypes. RPC13 and RPC14 were found to be unique, and shared v95 % homology with different genotypes of Acanthamoeba spp. The PCR products of two unassigned genotypes (RPC13 and RPC14) were sequenced twice for confirmation and the same results were obtained when we reconstructed the phylogenetic tree with both sequences. The alignment scores of the DF3 sequences of RPC13 and RPC14 with representatives of different genotypes (T1-T20) of Acanthamoeba spp. using CLUSTAL W are given in Table 2 . RPC13 shared a maximum similarity of 80.88 % with genotype T17 (Acanthamoeba sp. TSP07; GenBank accession number JF325889) and a minimum similarity of 55.87 % with genotype T14 (Acanthamoeba sp. PN 15; GenBank accession number AF333607). Similarly, RPC14 shared a maximum similarity of 93.38 % with genotype T17
RPC1 -CATC-GGCGCGGTCGTCCCTGGC---TC-GTCGTCTCACGACGGGCGGGCGGGGGCGGT RPC6 -CATC-GGCGCGGTCGTCCCTGGC---TC-GTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC5 -CATC-GGCGCGGTCGTCCCTGGC---TC-GTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC3 -CATC-GGCGCGGTCGTCCCTGGC---TCCGTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC20-CATC-GGCGCGGTCGTCCCTGGC---TC-GTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC9 -CATC-GGCGCGGTCGTCCCTGGC---TTCGTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC4 -CATC-GGCGCGGTCGTCCCTGGC---TC-GTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC19-CATC-GGCGCGGTCGTCCCTGGC---TC-GTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC2 -CATC-GGCGCGGTCGTCCCTGGC---TCGTTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC10-CATC-GGCGCGGTCGTCCCTGGC---TC-GTCGTCTCACGACGG-CGGGCGGGGGCGGT RPC13-CATC-GGCGCGGTCGTCCCTG-C---TC-GTCGTCTCACGACGG-CG-GCGGGGC--GG RPC14-CATC-GGCGCG-TCGTCCCTG-C---TC-GTCGTCTCACGACGG-CG-GCGGGGC--GC RPC16-CATC-GGCGCG-TCGTCCCTG-C---TC-GTCGTCTCACGACGC-GG-GCGGGGC--GG RPC15-CATC-GGCGCGGTCGTCCCTGGC---TC-GTCGTCTCATGACAG-CGAGCGAGACAGGC RPC17-CATC-GGTGCGGTCGTCCTTGGCGGTTG-GTCTTCAAAAGCCAT-CG-GCGGGGGTGGC RPC18-CATC-GGTGCGGTCATCCTTGGCGT-TG-GTCTTCAAAAGCCAG-CG--CGGGGGTGGC RPC12-CATC-GGTGCGGTCATCCTTGGCGT-TG-GTCTTCAAAAGCCAG-CG--CGGGGGTGGC RPC11-CATC-GGTGCGGTCGTCCTTGGCGGTTG-GTCTTCAAAAGCCAG-CG-GCGGGGGTGGC RPC7 TCATTTAGCATGGTCGTTTTCAAATTATT--CCTTTTTGCGAAGGTTGTTTGGGAACGAT RPC8 TCATTTAGCATGGTCGTTTTCAAAT-ATT--CCTTTTTGCGAAGGTTGTTTGGGAACGAT
*** * * ** * * * * * * * * Fig. 1 . Primary sequence alignment of the DF3 region using CLUSTAL W. The region shown here is a subset of the total DF3 region which shows the highest variation. Asterisks denote similarities and dashes denote gaps within the nucleotide sequences. Fig. 2 . Phylogenetic tree reconstructed using the neighbour-joining method with the DF3 region of the 18S rRNA gene. The tree was reconstructed by considering 20 Acanthamoeba spp. isolates with the reference strains using 1000 bootstrap replicates. Fig. 3 . Phylogenetic tree reconstructed using the neighbour-joining method with the DF3 region of the 18S rRNA gene. The tree was reconstructed by considering two Acanthamoeba spp. isolates (RPC13 and RPC14) with the reference strains from genotype T1-T20 using 1000 bootstrap replicates. 
DISCUSSION
Acanthamoeba spp. were initially divided into three morphological groups (groups I-III) based on their morphological characteristics (cyst size, shape and growth temperature requirements), which was confusing and difficult (Pussard & Pons, 1977) . Most Acanthamoeba keratitis infections are caused by group II strains, but group III strains have also been reported as causative agents of keratitis in some cases (Lorenzo-Morales et al., 2015) . Later, genotyping of Acanthamoeba spp. was introduced, using analysis of complete nucleotide sequences of the 18S rRNA gene (2300-2700 bp in length) (Schroeder et al., 2001; Stothard et al., 1998) . A large region of the 18S rRNA gene, i.e. GTSA.B1 of *1475 bp (*65 % of the total 18S rRNA gene), was amplified using the primers CRN5 and 1137, which proved to be reliable for genotyping of Acanthamoeba spp. (Schroeder et al., 2001) . Schroeder et al. (2001) also showed that instead of sequencing whole regions of GTSA.B1, which includes six variable regions, sequencing of only one small variable region, ASA.S1 of *464 bp, was a useful substitute for genotyping (Schroeder et al., 2001) . Thereafter, 'DF3', the *280 bp variable region within ASA.S1, has been widely used for genotyping, as it provides equivalent results to that of the ASA.S1 region (Booton et al., 2002; Zhao et al., 2010) . According to the literature, genotype T4 is the most common and predominant genotype amongst all the known genotypes (T1-T20) of Acanthamoeba spp. found in the environment (Landell et al., 2013; Nazar et al., 2011; Rahdar et al., 2012) . Genotype T4 is also reported as the most pathogenic and prevalent genotype amongst all the known genotypes associated with amoebic keratitis infections (Arnalich-Montiel et al., 2014; Booton et al., 2002; Ledee et al., 2009) . In the present genotypic study, data obtained from 20 Acanthamoeba spp. isolates using nucleotide sequences of the DF3 region further confirmed the findings of previous studies in which 16 of the 20 Acanthamoeba spp. isolates were found to belong to genotype T4 (Booton et al., 2002; Nuprasert et al., 2010; Zhao et al., 2010) . Hence, it is concluded that as genotype T4 is the most common and predominant genotype amongst all the known genotypes (T1-T20) found in the environment, and due to its highest pathogenic and virulence potential, most of the amoebic keratitis infections are associated with this particular genotype.
The genus Acanthamoeba is divided in 20 genotypes (T1-T20) on the basis of variation in nucleotide sequences of the 18S rRNA gene (Fuerst et al., 2015) . Amongst all the known genotypes, T3, T4, T5, T6, T10, T11, T13 and T15 are known to cause Acanthamoeba keratitis in humans (Siddiqui & Khan, 2012) . Although studies from India had so far reported only Acanthamoeba spp. isolates of genotype T4 from Acanthamoeba keratitis patients, there are reports from other parts of the world regarding the involvement of other genotypes in amoebic keratitis infections (Sharma et al., 2004; Prashanth et al., 2011) . In Hong Kong, of 13 Acanthamoeba spp. isolates genotyped from Acanthamoeba keratitis patients, one was found to belong to genotype T3 (Zhao et al., 2010) . In another study, one Acanthamoeba spp. isolate belonging to genotype T5 was isolated from corneal scrapings of one Acanthamoeba keratitis patient (Ledee et al., 2009) . Genotype T13, which was thought to be non-pathogenic, was found associated with Acanthamoeba keratitis for the first time in 2014 (Grün et al., 2014 ). An Acanthamoeba spp. isolate of genotype T6 was also found associated with Acanthamoeba keratitis in 2012 (Blaschitz et al., 2006) . In a 20 year study by Walochnik et al. (2015) it was reported that, apart from the predominant genotype T4, several other genotypes, such as T3, T4, T5, T6, T10 and T11, were associated with Acanthamoeba keratitis . Genotype T15, mostly reported from environmental sources, was found as a causative agent of protracted keratitis in humans (Sharifi et al., 2010) . Booton et al. (2005) reported the association of genotype T10 of Acanthamoeba spp. with non-keratitis infections. Later, in 2010, genotype T10 was isolated from Acanthamoeba keratitis patients in Thailand (Nuprasert et al., 2010) . We found two of the 20 (10 %) Acanthamoeba spp. were of genotype T10, emphasizing their importance as an ocular pathogen, which is, we believe, being reported for the first time from India.
The size of the DF3 region is *280 bp, which is very small as compared with the whole length of the 18S rRNA gene (w2000 bp). A longer partial sequence, ideally w90 % of the total gene length, should be considered to assign a strain as a new genotype. Hence, it is impossible to analyse complete genotypic features of the two unique sequences (RPC13 and RPC14) on the basis of this small DF3 region of the 18S rRNA gene. As the pairwise alignment scores of RPC13 and RPC14 with representatives of the other 20 genotypes of Acanthamoeba spp. are v95 %, we can call them unique but we cannot assume them to be new genotypes. Thus, the two unassigned genotypic strains require further analysis and there may be other presently unidentified genotypes involved in human diseases.
